Introduction
============

Lung cancer is the most frequently diagnosed cancer worldwide, comprising 20% of all cancer-related mortalities ([@b1-etm-0-0-9041]). Non-small cell lung cancer (NSCLC) accounts for 80-85% of lung cancer cases ([@b2-etm-0-0-9041]). Anlotinib hydrochloride is a multi-target tyrosine kinase inhibitor, which is able to prolong progression-free survival and overall survival in patients with advanced NSCLC, who have an advanced stage of the disease despite receiving \>2 types of systemic chemotherapy ([@b3-etm-0-0-9041]). Anlotinib is able to inhibit cancer progression and targets factors associated with angiogenesis, including vascular endothelial growth factor (VEGF) receptors 1-3, fibroblast growth factor (FGF) receptors 1-4, platelet-derived growth factor (PDGF) receptor α and β and stem cell factor receptor ([@b4-etm-0-0-9041]). Various types of cardiovascular toxicity have been reported in the ALTER 0302 and 0303 clinical trials, including hypertension, sinus tachycardia and QTc prolongations; however, acute myocardial infarction (AMI) has not been reported ([@b3-etm-0-0-9041],[@b5-etm-0-0-9041]). The present case study, to the best of our knowledge, was the first to report on a case with advanced squamous cell carcinoma (SqCC) who developed AMI following treatment with anlotinib.

Case report
===========

A 49-year-old male with a history of smoking (20 packs per year) and without coronary heart disease, hypertension, diabetes mellitus or hyperlipidemia presented with a cough and dyspnea in June 2015 at the West China Hospital (Chengdu, China). A CT scan revealed a shadow of the left lower lobe. A pathological diagnosis of T3N0M0 (stage II) SqCC was made following radical resection according to the eighth edition of the TNM classification of lung cancer ([@b6-etm-0-0-9041]). No epidermal growth factor receptor, ALK or ROS-1 mutations were identiﬁed. The patient refused adjuvant treatment following surgery and experienced back pain in March 2017. An additional CT scan indicated the third thoracic vertebral metastasis. The patient was subsequently prescribed five cycles of paclitaxel and cisplatin chemotherapy and 44 Gy/22f radiotherapy and achieved partial response. The CT performed at reexamination in October 2017 revealed that the thoracic spine lesion was larger than before and was accompanied by left hilar lymph node enlargement. A total of 2 cycles of docetaxel and lobaplatin chemotherapy were subsequently administered to the patient and stable disease (SD) was achieved. To improve the efficacy, treatment was changed to 2 cycles of gemcitabine and cisplatin chemotherapy and SD was maintained. In April 2018, the CT scan revealed the tumor had invaded the spinal cord. The patient received 33 Gy/30f radiotherapy for the metastatic masses prior to systemic treatment. In June 2018, the blood pressure, glucose and lipid levels of the patient were all within normal ranges ([Table I](#tI-etm-0-0-9041){ref-type="table"}); therefore, the patient was prescribed anlotinib (12 mg orally, once a day), until AMI was diagnosed ([Fig. 1](#f1-etm-0-0-9041){ref-type="fig"}).

After a month of using anlotinib, the patient developed occasional chest pain, high blood pressure (140/100 mmHg), hyperlipidemia and hand-foot syndrome. The patient ignored the thoracalgia which had developed, resulting in more frequent and serious attacks requiring the use of nitroglycerin to relieve the pain, one week prior to AMI. On August 7, 2019, the patient presented with unbearable chest pain, which was not relieved by nitroglycerin. The electrocardiogram revealed atrial fibrillation, ST elevation in leads AVR and V1 (AVR\>V1) and ST depression in leads V2 to V6, II, III and AVF ([Fig. 2](#f2-etm-0-0-9041){ref-type="fig"}) with the amount of cardiac isoform of troponin T reaching 140.70 pg/ml (normal range, 0-14 pg/ml). The cardiologists considered that the patient had experienced AMI. Emergency coronary angiography revealed 85% proximal stenosis of the left major coronary artery and coronary intervention with a drug-eluting stent was performed ([Fig. 3](#f3-etm-0-0-9041){ref-type="fig"}). The patient did not experience any further chest pain and the postoperative electrocardiogram was normal ([Fig. 4](#f4-etm-0-0-9041){ref-type="fig"}). Subsequently, the patient received dual antiplatelet therapy and stopped the use of anlotinib. The patient is still alive following the administration of regular immunotherapy.

Discussion
==========

Coronary heart disease, hypertension, diabetes mellitus and hyperlipidemia, which are risk factors for AMI, were not previously observed in the middle-aged patient of the present study, who only exhibited a history of smoking prior to treatment with anlotinib ([@b7-etm-0-0-9041]). Several types of chemotherapeutic drugs have been administered following recurrence. The occurrence of cisplatin-associated AMI between the first dose and 4 weeks after the last dose has been reported ([@b8-etm-0-0-9041]). In several cases, the use of taxanes was reported to induce AMI ([@b9-etm-0-0-9041],[@b10-etm-0-0-9041]), and percutaneous coronary intervention with a paclitaxel-coated balloon is widely used to remedy this ([@b11-etm-0-0-9041]). Gemcitabine was only reported to cause peripheral ischemia and Raynaud\'s phenomenon in resistant arteries ([@b12-etm-0-0-9041]), while lobaplatin was not observed to cause any vascular lesions ([@b13-etm-0-0-9041]). Radiotherapy may cause damage to the vasculature and the rates of coronary events were demonstrated to increase linearly with increasing dosages directly exposed to the heart ([@b14-etm-0-0-9041]). AMI caused by radiotherapy is primarily observed in patients with breast cancer and Hodgkin\'s lymphoma due to the high dosages exposed to the heart ([@b15-etm-0-0-9041]). The incidence of AMI is relatively lower in patients with lung cancer due to the low cardiac dose and the improvements in radiation techniques, which avoid radiation exposure of the heart ([@b16-etm-0-0-9041]). In the present case, the radiotherapy site of the patient was located in the third thoracic spine region, indicating that the anatomic location of the lesion was higher than that of the heart. In other words, the heart of the patient was not as exposed as the location of lesion. The patient suffered angina pectoris following 1 month of treatment with anlotinib, indicating that pathological changes occurred in the coronary artery. Therefore, the AMI that had developed in the patient was reasonably attributed to anlotinib ([Fig. 5](#f5-etm-0-0-9041){ref-type="fig"}).

Anlotinib serves an anti-tumor role by inhibiting several types of tyrosine kinases ([@b4-etm-0-0-9041]). In 1971, Folkman ([@b17-etm-0-0-9041]) proposed that tumor growth depends on angiogenesis and numerous anti-angiogenesis drugs have since emerged, including anlotinib. Vessels are lined by a single layer of endothelial cells that rely on VEGF and are surrounded by smooth muscle cells ([@b18-etm-0-0-9041],[@b19-etm-0-0-9041]). Arteries have a muscular layer that regulates the vascular tone, whereas capillaries are more sparsely supported by specialized mesenchymal cells known as pericytes, and depend on the production of PDGF by endothelial cells ([@b20-etm-0-0-9041]). Tumor cells secrete FGF to promote excess growth and dysregulation of the vasculature ([@b21-etm-0-0-9041]). Anti-angiogenesis drugs exert effective tumor inhibition effects by suppressing the aforementioned factors ([@b22-etm-0-0-9041]).

Notably, toxicities also arise due to their mechanism. One such type is cardiovascular toxicity, including hypertension, congestive heart failure, cardiac ischemia and AMI ([@b23-etm-0-0-9041]). AMI is a fatal cardiovascular event, which is the result of cardiac ischemia ([@b7-etm-0-0-9041]). Coronary atherosclerosis and arterial thrombosis account for cardiac ischemia, and are formed due to the following factors: VEGF signaling pathway inhibitors increase the risk of arterial thrombosis, as they decrease endothelial cell survival and proliferation ([@b24-etm-0-0-9041]). Furthermore, administration of anti-angiogenesis drugs was hypothesized to decrease nitric oxide synthesis and lead to hypertension, which may increase endothelial damage ([@b25-etm-0-0-9041]). Hyperlipidemia is another side effect of anti-angiogenesis drugs, resulting in an acceleration of the formation of plaques and causing them to be unstable ([@b7-etm-0-0-9041]). A meta-analysis of angiogenesis inhibitors, including bevacizumab, aflibercept, ramucirumab, sunitinib, sorafenib, pazopanib, vandetanib, cabozantinib, axitinib, ponatinib and regorafenib, indicated that the risk of cardiac ischemia almost tripled and fatal cardiovascular events increased by 1.26-fold ([@b23-etm-0-0-9041]). Myocardial infarction has also been reported in association with the use of bevacizumab, ramucirumab, sunitinib and sorafenib ([@b25-etm-0-0-9041]).

Cardiovascular toxicity was notable in phase I, II and III clinical trials of anlotinib ([@b3-etm-0-0-9041]); however, to the best of our knowledge, the present study was the first to report on a case of anlotinib-induced AMI. The number of patients and follow-up time were limited in these clinical trials and the longest median duration of anlotinib treatment was 24 weeks in these clinical trials, a longer time period may be required to observe the occurrence of AMI in a larger population. Furthermore, anlotinib was only approved for the treatment of patients with advanced NSCLC who have progressed following treatment with \>2 types of prior systemic chemotherapy ([@b28-etm-0-0-9041]). Thus, the effects of anlotinib are difficult to observe in a clinical setting, as the health of the patients is generally poor, with a short life expectancy ([@b3-etm-0-0-9041]). However, the patient in the present case study received anlotinib for \>1 year, with a good response, which enabled the observation of the occurrence of AMI.

In conclusion, to the best of our knowledge, the present study was the first to report on a case of AMI induced by anlotinib. Fatal cardiovascular events may also occur due to anlotinib, which is similar to the effects of other anti-angiogenesis drugs; therefore, patients treated with anlotinib require further and regular monitoring in the future.
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![Flow chart of the treatment process. The patient initially received radical resection in June 2015 and was diagnosed with T3N0M0 (stage IIb) squamous cell carcinoma. Further treatment was administered following a CT scan indicating thoracic vertebral metastasis in March 2017, which subsequently resulted in the patient receiving anlotinib, and the development of AMI 14 months later. PD, progressive disease; PR, partial response; SD, stable disease; CR, complete response; AMI, acute myocardial infarction; PCI, percutaneous coronary intervention.](etm-20-04-3203-g00){#f1-etm-0-0-9041}

![Initial electrocardiogram demonstrating atrial fibrillation, ST elevation in AVR and V1 (AVR\>V1) and ST depression in V2 to V6, II, III and AVF.](etm-20-04-3203-g01){#f2-etm-0-0-9041}

![Coronary angiography. (A) Initial coronary angiography indicating 85% proximal stenosis of the left major coronary artery (arrowhead). (B) A drug-eluting stent was added to the left major coronary artery lesion 30 min subsequent to coronary angiography (arrowhead).](etm-20-04-3203-g02){#f3-etm-0-0-9041}

![Electrocardiogram after half an hour of percutaneous coronary intervention demonstrating sinus rhythm and all abnormal leads were back to normal.](etm-20-04-3203-g03){#f4-etm-0-0-9041}

![Analytical process of identifying the cause of AMI by anlotinib. CHD, hypertension, diabetes DM and hyperlipidemia were not exhibited by the patient. The patient received surgery, chemotherapy, radiotherapy and targeted drug therapy with anlotinib for the treatment of squamous cell carcinoma. The possibility of AMI following surgery, chemotherapy and radiotherapy was excluded. AMI was therefore attributed to anlotinib. 'x' indicates that the patient did not develop the disease/disorder or did not receive the type of treatment. 'Δ' indicates that treatment with cisplatin was not able to induce AMI due to this effect being beyond its drug action cycle. '?' indicates the probabitiy of taxanes and radiotherapy causing AMI, which was uncertain. '√' indicated that this caused AMI. CHD, coronary heart disease; DM, diabetes mellitus; AMI, acute myocardial infarction.](etm-20-04-3203-g04){#f5-etm-0-0-9041}

###### 

Laboratory parameters of the patient in June 2018.

  Parameter                  Value    Normal range
  -------------------------- -------- ------------------
  Blood pressure (mmHg)      128/60   (90-139)/(60-89)
  Fasting glucose (mmol/l)   5.12     3.9-5.9
  Cholesterol (mmol/l)       4.29     2.8-5.7
  Triglyceride (mmol/l)      0.54     0.29-1.83
  HDL-C (mmol/l)             1.35     \>0.9
  LDL-C (mmol/l)             2.83     \<4.0

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
